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METHOD OF TRANSMITTING AND
RECEIVING DATA, SYSTEM AND
RECEIVER THEREFOR

FIELD OF INVENTION

The present invention relates generally to a method of
digital communication and to a digital communication sys-

tem.

BACKGROUND OF INVENTION

The applicant’s known vehicle tracking system, which 1s
in use 1n the United Kingdom, allows the police to track and
recover stolen vehicles. In this known system, a small
transceiver unit 1s hidden in a vehicle. The unit 1s activated
by an activation signal to transmit signals when the vehicle
1s stolen. The activation signal 1s generated from a network
of base stations. Police vehicles are fitted with receivers,
which enable them to receive the signals transmitted by the
transceiver unit 1n the stolen vehicle. In this manner, the
police can track, locate and recover the vehicle.

Additional and more sophisticated functions could be
incorporated 1n the tracking system if there were a two-way
link between the transceiver unit 1in each vehicle and a base
station, usually the nearest base station, with that base
station acting additionally as a receiver for receiving data
transmitted 1n signals from the transceiver unit. Such two-
way or duplex communication 1s not possible with the
known system because of the disparity in the power avail-
able from an on-board transceiver unit and from a base
station. In particular, the base stations have transmitters
having a power of 25 watts and a range of the order of 30
miles (about 50 km). The on-board transceiver units each
have a transmitter whose power 1s 1 watt and with a
maximum range of 1.5 miles (about 2.5 km), which is often
not sufficient to reach a base station. It 1s not possible simply
to 1ncrease the power of the on-board transmitter units as this
would 1ncrease their size and their cost, and this 1s not
acceptable to the market.

It 1s possible to reduce the bandwidth of the transmissions
to extend the range of transmissions from the on-board
transceiver units. This would have the effect of reducing the
speed at which the information 1s transmitted, but for many
applications, such as 1n a tracking system, such a speed
reduction 1s acceptable. Normally, the use of a reduced
bandwidth transmitter unit would increase the cost of each
on-board transceiver unit because high accuracy compo-
nents 1n the transceiver unit would be required. This 1s
because the uncertainty or error in the transmit carrier
frequency must normally be less than the bandwidth of the
signal being transmitted in order for the receiver to be able
to locate the data. However, the market will not accept units
having a significantly higher cost and therefore high accu-
racy components cannot be used 1n such a transceiver.

The present invention seeks to increase the range of a
transmitter without increasing its size or cost. The present
invention further seeks to increase the range of transmission
of signals containing data from a transmitter without
increasing 1ts size or cost. The present mmvention has par-
ticular application to a vehicle tracking system but can be
used 1n many applications, especially where low cost trans-
mitters are used or required.

In EP-A-0583522 there 1s disclosed a remote position
determination system. The spatial position of a plurality of
mobile transceivers can be determined by a base station
which receives positioning signals from the mobile trans-
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ceivers. The mobile transceivers use a spread spectrum
frequency-hopped transmission mode, with each mobile
transceiver having 1ts own characteristic frequency hopping
pattern 1n order for the base station to be able to identily
which mobile transceiver 1s transmitting on the basis of the
particular frequency hopping pattern in the signal received.
As the frequency of transmission used by each mobile
transceiver 1s therefore critical to it being properly identified
by the base station, it 1s essential that the base station
transmits timing synchronising signals to the mobile trans-
ceivers and the mobile transmitters accordingly have to be
relatively complex (and therefore expensive) in that they

must contain memories and circuits so that the correct
frequency and pattern of frequency hopping 1s transmitted
by each mobile transceiver. Furthermore, the signals trans-
mitted by the mobile transceivers are not modulated with
and therefore do not contain any data to be transmaitted to the
base station because the only information used by the base
station 1s the fact that a particular identified mobile trans-
ceiver 1s actually transmitting. There 1s therefore no two-
way communication of data between the base station and the
mobile transceivers.

In EP-A-0550146, there 1s disclosed a digital processor
for processing multiple analog signals respectively received
from multiple mobile transmitters.

SUMMARY OF INVENTION

According to a first aspect of the present invention there
1s provided a method of transmitting and receiving data, the
method comprising the steps of: transmitting a narrow band
data signal at an unknown frequency within a known range
of frequencies; receiving the data signal within the known
range of frequencies; dividing at a receiver the range of
frequencies 1nto plural frequency bands each of width less
than the uncertainty in the transmission frequency of the
data signal; detecting the presence of said data signal 1n at
least one of said frequency bands; and, demodulating the
detected data signal.

The demodulating step preferably includes the step of
centring at least one narrow band filter on the detected data
signal frequency bands.

The frequency of the or each narrow band filter in the
demodulation step 1s preferably determined 1n the detection
step.

The time of data signals 1n the narrow frequency bands 1s
preferably determined 1n the detection step and used in the
demodulation step.

In a most preferred embodiment, the step of detecting the
presence of data signals 1n at least one of the frequency
bands comprises the step of detecting the presence of a data
signal 1n plural frequency bands, the amplitude of the data
signal 1n each band being compared with a normalised value
to determine a quality value of the data signal 1n each band.

The transmitted data signal preferably includes a flag
sequence and a “centre-of-gravity” calculation 1s preferably
performed on the quality values to provide a central fre-
quency and a central time for each flag sequence, the results
of the centre-of-gravity calculation being utilised during
demodulation of the data signal.

The frequency of the transmitted data signal may be
varied between successive transmissions. This ensures that a
ogood signal will be received even if there 1s line interference
at a particular frequency as the subsequent transmission will
be at a frequency which 1s unlikely to be affected by the
same 1nterference.

The data signal i1s preferably transmitted as two sub-
channels, the detection and demodulation steps being carried
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out on each sub-channel, the respective demodulated data
signals being weighted and summed according to the quality
of the signals determined in the detection steps.

The received signal can include plural narrow band data
signals each occupying a distinct portion of the channel, the
receiver receiving said narrow band data signals substan-
tially concurrently. This allows the receiver to receive trans-
missions from several transceiver units substantially con-
currently.

Plural demodulation steps may be carried out following,
cach detection step.

An embodiment of the present invention increases the
cfiective range of the transmitter by providing, in effect,
narrow band communication between the transmitter and the
receiver. This increases the range for the same power, but at
some decrease 1n the rate of data transmission which can be
used. As this narrow band communication 1s provided by the
signal processing techniques at the receiver, 1t 1s not neces-
sary to provide a more accurate, and therefore more costly,
narrow band transmitter.

In an embodiment, the data signals have been modulated
at a transmitter by the use of direct FSK (frequency shift

keying) modulation.

A data signal preferably comprises a data packet follow-
ing a tlag sequence of bits and the detection step detects the
existence of the flag sequence. In a presently preferred
embodiment, data signals 1n 1ndividual narrow frequency
bands are compared with a wanted flag signal at regular
intervals. Accurate timing, frequency and quality informa-
fion 1s obtained from these comparisons, allowing the detec-
fion step to be optimised.

Preferably, for security of detection, the data packet 1s
transmitted between leading and trailing flag sequences, and
the detection step requires the detection of both flag
sequences.

Preferably, 1t 1s required that both the leading and trailing
flag sequences are detected to verily the presence of a data
packet. This greatly reduces the possibility of false detec-
tions. Furthermore, the frequency and timing information for
the demodulation step 1s determined from the flag
sequences. The presence of a flag sequence before and after
cach data packet enables the frequency and timing to be used
during demodulation to be re-measured at regular intervals.

The data signal may have plural data packets separated
from each other by flag sequences. Thus, where there are n
data packets, there would be n+1 flag sequences 1n the data
signal. The use of flag sequences to provide a means of
detecting the presence of data, and to provide frequency and
fiming information to enable 1ts demodulation, means that
external synchronisation between the transmitter unit and a
receiver 1S not required.

In a preferred embodiment, the step of detecting the
presence of data signals 1n individual narrow frequency
bands comprises the step of detecting the presence of a flag
sequence 1n plural narrow frequency bands, the amplitude of
the flag sequence bits 1n each band being compared with a
normalised value to determine a quality value of the flag
sequence bits 1n each band, the quality values being plotted
against frequency and time.

Preferably, a “centre-of-gravity” calculation 1s performed
on the quality values to provide a central frequency and a
central time for each flag sequence, the results of the
centre-of-gravity calculation being utilised during demodu-
lation of the data signal.

According to a second aspect of the present invention,
there 1s provided apparatus for transmitting and receiving
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and demodulating transmissions, the apparatus comprising;:
a transmitter for transmitting a narrow band data signal at an
unknown frequency within a known range of frequencies;
and, a receiwver for receiving the data signal within the
known range of frequencies, the recerver having means for
dividing the range of frequencies into plural frequency
bands each of width less than the uncertainty in the trans-
mission frequency of the data signal; means for detecting the
presence of said data signal 1n at least one of said frequency
bands; and, means for demodulating the detected data signal.

According to a third aspect of the present invention there
1s provided a method of receiving data transmitted as a
narrow band data signal at an unknown frequency within a
known range of frequencies, the method comprising the
steps of: recerving the data signal within the known range of
frequencies; dividing at a receiver the range of frequencies
into plural frequency bands each of width less than the
uncertainty 1n the transmission frequency of the data signal;
detecting the presence of said data signal 1n at least one of
said frequency bands; and, demodulating the detected data
signal.

According to a fourth aspect of the present invention there
1s provided a receiver for receiving and demodulating a data
signal transmitted at an unknown frequency within a known
range of frequencies, the receiver comprising: means for
dividing the range of frequencies into plural frequency
bands each of width less than the uncertainty in the trans-
mission frequency of the data signal; means for detecting the
presence of said data signal 1n at least one of said frequency
bands; and, means for demodulating the detected data signal.

In a preferred embodiment, said receiver comprises an
analogue to digital converter (ADC), and said dividing
means comprises a Fast Fourier Transform (FFT).

In an embodiment, the demodulation means comprises
filtering means arranged to pass only a central frequency
determined by said detecting means.

Preferably, said division, said detection, and said demodu-
lation are performed digitally in a digital signal processor.

The receiver preferably has detection and demodulation
means for detecting and demodulating data signals trans-
mitted 1n two sub-channels, and further preferably com-
prises adding means for weighting and summing the respec-
tive demodulated data signals according to the quality of the
signals determined 1n the detection steps.

By enabling true two-way data communication between a
base station (which may be relatively high power and
expensive) and a plurality of transceivers (which may be low
power and cost), the present invention greatly enhances the
value and usefulness of a digital communications system.
For example, when a transceiver has been activated by a
base station, the transceiver can send a data signal to the base
station to acknowledge that 1t has been activated, thus
providing assurance to the base station that the activation
signal has been received and saving the base station from
having to repeat the signal many times to ensure that it had
been received as 1n the past. A de-activation signal may be
sent to the transceiver which can also be acknowledged by
the transceiver so that the base station can be confident that
the de-activation signal has been received and thus prevent-
ing false or erroneous activations from being maintained.
Data concerning the status of the transceiver (such as the
status of the transceiver unit, its battery voltage, etc.) can be
sent to the base station which can therefore continually
monitor the status of the transceiver unit. From time to time,
the base station can send test signals to each of the trans-
celver units to ensure that the units are working properly,
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with the transceiver units being able to respond appropri-
ately; 1n the prior art vehicle tracking system described
above, for example, the only way of testing a transceiver unit
was by bringing the vehicle 1n on a regular basis for
servicing and testing each unit by making physical connec-
fions to the unit during each service.

The present invention has particular applicability to a
vehicle tracking system. Thus, there may be provided a
vehicle tracking system having a system or receiver accord-
ing to any of the aspects described above. There may also be
provided a method of transmitting and receiving data or a
method of receiving data as described above in a vehicle
tracking system.

BRIEF DESCRIPTION OF DRAWINGS

An embodiment of the present mvention will now be
described by way of example with reference to the 15
accompanying drawings, in which:

FIG. 1 shows schematically a receiver of a communica-
fion system of the mvention;

FIG. 2 illustrates the received signal when mixed to an
intermediate frequency;

FIG. 3 shows schematically the detection process in the
DSP;

FIG. 4 shows schematically the demodulation process in
the DSP;

FIG. 5 shows the data signal received by the 30 receiver;
and,

FIG. 6 1llustrates a detection “blob” to show a centre-of-
oravity calculation.

PREFERRED EMBODIMENT OF INVENTION

The recerver and telecommunication systems described
herein have general application. However, for clarity, the
systems and methods are specifically described when used in
a tracking system for recovering stolen vehicles. It 1s to be
understood, however, that the mmvention 1s not limited to
such a tracking system. For example, the present invention
may be applied to remote metering of electricity or other
utility meters; low data rate telemetry from remote (e.g.
non-mains powered) installations such as water reservoirs;
from personal or property accident or attack security alarms
such as rape alarms, mountain rescue alarms, etc.; security
systems for buildings, low-power wireless alarms, connec-
fion of building alarms to a national central monitoring
system; remote controls for example 1n a domestic environ-
ment such as for electrical appliance control; and non-radio
communications system using, for example, signalling via
clectricity mains supply.

The techniques described in detail below enable a sub-
stantially conventional low power transmitter or transceiver
unit to be used to provide two-way communication. In
particular, 1n the specific example described, the technmiques
described 1n detail below enable a substantially conventional
low power transceiver unit to be used to provide two-way
communication on-board a vehicle, but with a range
increased to be comparable to that of a base station. The
range of the transceiver 1s increased by a reduction in
bandwidth by effectively reducing the bandwidth at the
receiver only, though the transceiver umit still transmits
across the same band. The only modification required at the
transmitter unit, therefore, 1s to reduce the speed of trans-
mission because the system will behave as if, in effect,
narrow band transmissions are being made. As will become
clear, at the receiver, the channel received 1s divided into a
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6

number of narrow bands from each of which information
can be detected and demodulated. The use of a narrow
bandwidth at the receiver has the advantage of reducing the
cffect of noise because, by definition, white noise has a
uniform energy per unit of bandwidth.

In the specific example, the power transmitted by the
on-board transceiver unit 1s 25 times smaller than the base
station power. The receiver at the base station must provide
cgain to compensate for this, plus additional gain to accom-
modate the increased levels of noise and interference.
Furthermore, the transmissions can be obscured by other
transmissions, for example, from other transmitter units
nearer to the base station.

In one 1implementation, the on-board transceiver unit has
a centre carrier frequency 1 a VHF band with a channel
width of 12.5 kHz and transmaits at the relatively low power
of 1 watt. The data to be transmitted by an individual
fransceiver unit 1s modulated onto the carrier signal by
frequency shift keying (FSK) with a deviation of 2.5 kHz
and a bit transmission rate of 55.8 bits per second. The FSK
modulation with this low data transmission rate produces a
spectrum which has the appearance of two narrow band AM
spectra, separated by 5 kHz, with one data band inverted
with respect to the other because the data being transmitted
can, to a large extent, be regarded as being transmitted only
at either the higher or at the lower band produced by the FSK
process. The upper band 1s defined to contain the 1nverted
pattern.

Preferably, the centre frequency for the transmission from
the transceiver unit is varied slightly (“dithered”) on suc-
cessive message bursts so that 1if a message happens to be
masked by line interference on one frequency of the trans-
mitted data signal, 1t 1s likely to get through on the subse-
quently transmitted data signal. In this respect, the range of
centre frequencies 1s limited to £250 Hz.

FIG. 1 shows the architecture of one embodiment of the
receiver 1 at the base station. The receiver 1 generally
comprises an analogue receiver section 2 connected to a
signal processing section 4. The receiver 1 preferably has a
linear characteristic and 1t preferably does not have a con-
ventional FM discriminator because otherwise the data may
be lost as the data signal level will usually be very much
smaller than the noise level.

The analogue receiver section 2 includes a down con-
verter 6 which converts the carrier frequency of the received
data signal to an intermediate frequency (IF). The value of
IF may be 14 or 15 kHz, for example, which allows the use
of a conventional low cost stereo audio analogue to digital
converter (ADC) 8 to which the data signal 1s directly fed by
the down converter 6.

FIG. 2 1llustrates the spectrum of the converted data signal
which 1s output by the down converter 6 and before 1t 1s
digitised by the ADC 8. As can be seen, the converted data
signal has a sub-channel on either side of IF, the lower
sub-channel having a centre frequency fl and the upper
sub-channel having a centre frequency fu which are 5 kHz
apart. Each sub-channel or band has a frequency spread of
3.57 kHz 1n this example.

The converted data signal 1s fed from the converter 6 1nto
both left and right stereo inputs of the ADC 8 where they are
digitised with a sample rate of 57 kHz. As indicated 1 FIG.
1 and shown more clearly 1in FIG. 3, the left and right outputs
of the ADC 8 are transmitted to a digital signal processor
(DSP) 10 in the digital signal processing section 4 via a
synchronous serial port 14. These left and right signals are
added 1n the DSP 10 and converted to floating point numeri-
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cal format as mdicated at 101. This addition of the signals
serves to cancel out at least some of the noise which 1s
ogenerated 1n the ADC 8. The resulting values are written to
a memory for demodulation later as will be described 1n
more detail below. The DSP 10 can operate on blocks of
samples, writing some blocks to memory for example,
whilst processing others. This allows communications to be
received from several on-board transceivers and acted on
substantially simultaneously by a single base station
receiver.

The values from section 101 of the DSP 10 are then mixed
with two local digital oscillators 102, 103 such that two data
sets at different frequencies are produced. The following
description relates to the detection steps and, whilst it
specifically describes the data set of the upper sub-channel,
it will be understood that the same operations are carried out
on the data set of the lower sub-channel, preferably concur-
rently.
The sub-channel i1s filtered to pass only the desired
sub-channel frequency and decimated (i.e. reduced) by a
factor of 8 as indicated at 104. This reduces the 256 samples
from the ADC 8 to 32 samples and these values are stored
with the previous 480 samples 1n a buifer 105. The data in
the buffer 105 are windowed with a predefined shape 106 so
that a Fast Fourier Transform (FFT) 107 applied to the data
implements an overlapping set of bandpass filters. Each
bandpass filter formed thereby has a narrow bandwidth of
+33 Hz and the bandpass filters are overlapped with a
separation of 14 Hz.

The FFT 1s performed once per 256 raw samples from the
ADC 8. The middle 256 frequency outputs of the FFT 107
represent the sub-channel, each separated by 14 Hz in
respective frequency “bins”. For each of the 256 outputs, a
goodness-of-it test 1s performed, using previous values
from previous interrupts, as indicated at 108. The output
from the FFT 107 at each frequency is tested against an 1deal
representation of the known flag sequence; the tlag sequence
will be described turther below with reference to FIG. 5. The
output 1s tested where 1t would be expected to have energy
and where 1t would be expected to have no energy. A positive
goodness-of-fit occurs where the minimum energy at a
sample where energy 1s expected exceeds the maximum
energy where no energy 1s expected. This measure 1s nor-
malised against the signal strength and termed the “eye”
opening.

When a flag sequence 1s present 1n the data, eye openings
will occur across a number of frequencies since the FFT
filter passband width 1s greater than its output frequency
separation. The eye opening will occur across a number of
fime periods since the data 1s four times oversampled at this
point. Typically, the detection of a flag sequence will occur
against three or four time positions. Additionally, a good tlag
sequence detection 1s likely to span across up to six fre-
quency bins.

The presence of a flag sequence will thus cause a peak or
“blob” 1n frequency/time space, which 1s shown by way of
example 1n FIG. 6. A “centre-of-gravity” algorithm 109 is
used to measure the centre of the peak 1n frequency to a
much greater accuracy than the FFT output frequency sepa-
ration and the symbol time to Y42 of a bit. The overall “mass”
of the peak 1s also recorded to give a quality measurement
of the peak. This calculation 1improves the ability to ditfer-
entiate between real and false signals, and increases the
accuracy of the frequency and timing estimates for subse-
quent demodulation.

These measured parameters are then used to create a new
demodulation process as indicated at 110 in FIG. 3. At this
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stage, any matching peak detected from the lower sub-
channel 1s 1incorporated with the upper sub-channel peak it
the detection times and frequencies are within predeter-
mined limits. However, whilst noise can be reduced by using
both the upper and lower sub-channels when possible, the
demodulation process does not require that a detection be
found 1n both upper and lower sub-channels and a detection
in one sub-channel only 1s sufficient.

After the detection process has completed, the DSP 10 has
suflicient time to perform numerous demodulation processes
before the next detection routine has to be executed. These
demodulation processes are performed consecutively. A
demodulation process lasts for 63 bits of data. Since the
detection routine operates every ¥ bit, any one demodula-
tion process will last for 252 interrupts, thereby gradually
recovering data.

Referring to FIG. 4, each demodulation process operates
on the same raw data as the detection process described with
reference to FIG. 3. The demodulation process uses the
summed, floated values calculated by the detection at step
101 of FIG. 3; the step indicated by 201 in FIG. 4 1s 1dentical
to the step indicated by 101 mn FIG. 3. A demodulation
applies a narrow filter around the wanted signal and reduces
the sample rate such that a smgle bit of data only 1is
produced, and this only 1 1 4 times that the process 1s run.

In particular, the 1nput set of samples are respectively
mixed as indicated at 202 and at 203 such that the wanted
signal 1in the upper sub-channel 1s at DC and also so that the
wanted signal in the lower sub-channel 1s at DC. This 1s
achieved by mixers 202, 203 whose phase change per
sample 1s calculated exactly from the measured frequencies
of the detection process described above.

Once the wanted signals have been mixed to DC, the two
data streams can each be passed through low pass filters and
the sample rate significantly decimated or reduced as 1ndi-
cated at 204, 205. The bit timing of each signal can then be
set to Y32 by means of respective variable delay lines 206,
207. The length of this delay line 1s predetermined from the
timing derived from the detection process described above.
The data streams are then further low pass filtered and the
sample rate reduced as indicated at 208, 209 such that final
values are only produced on 1 out of 4 operations of the
process. When the values are produced, the upper and lower
sub-channel results are respectively combined with weight-
ings dertved from the detection process according to the
quality of the signals, as indicated at 210 and 211, and then
added at 212. A decision 1s then made as indicated at 213 as
to whether the resultant value represents a “1” bit or a “0”
bit and the value 1s tested against a threshold, which 1s again
derived from the detection process.

Individual bits from the demodulation process are
assembled 1nto full messages which are then passed on from

the DSP 10.

FIG. § indicates the structure of a simple message trans-
mitted from an on-board transmitter unit, there being one
data packet. As can be seen, each data signal 20 has a 4 bat
dotting sequence 22 of 0101, followed by an & bit flag
sequence 24 which 1s followed by a 4 bit null or space
sequence 26 of 0000. In this example, the 8 bit flag sequence
24 1s 10001101. In order to improve performance during
detection, the detection algorithm looks for an extended 10
bit sequence commencing with the last 1 of the dotting
sequence 22 and ending with the first O of the null sequence
26. Thus, the detection algorithm i1s seeking the 10 bit
extended sequence 1100011010. The dotting, flag, and null
sequences 22, 24, 26 are followed by a data packet 28 of 63
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data bits, and then there are corresponding dotting, flag, and
null sequences 22', 24" and 26' following the data packet 28.
The trailing sequences are used to validate the presence of
the data packet 28 and thus to avoid false detections.

Multiple data packets can be sent by the transceiver
on-board the vehicle 1n a single message. Each data packet
1s separated by a flag sequence from the next and previous
data packet, there being flag sequences at the start and the
finish of the message so that each data packet can be
properly detected. Thus, if there are n data packets, there are
n+1 flag sequences.

In the description given above, reference has been made
to specific frequencies and channel sizes. However, 1t will be
appreciated that these are given by way of example only and
that alternative values may be utilised as required.
Furthermore, it will be appreciated that the hardware and
software 1implementations described are by way of example
only and that modifications and variations may be made
within the scope of the present 1nvention.

What 1s claimed 1s:

1. A method of transmitting and receiving data, the
method comprising the steps of:

transmitting a narrow band data signal at an unknown-
frequency-within a known range of frequencies;

receiving the data signal within the known range of
frequencies;

dividing at a receiver the range of frequencies 1nto plural
frequency bands each of width less than the uncertainty
in the transmission frequency of the data signal;

detecting the presence of said data signal 1n at least one of
said frequency bands; and

demodulating the detected data signal, wherein the
demodulating step 1includes the step of centering at least
one narrow band filter on the detected signal frequency
bands and wherein the time of data signals in the
narrow frequency bands 1s determined in the detection
step and used 1n the demodulation step.

2. A method according to claim 1, wherein the step of
detecting the presence of data signals 1n at least one of said
frequency bands comprises the step of detecting the pres-
ence of a data signal in plural frequency bands, the ampli-
tude of the data signal in each band being compared with a
normalized value to determine a quality value of the data
signal 1n each band.

3. Amethod according to claim 2, wherein the transmitted
data signal includes a transmitted flag sequence and wherein
a “center-of-gravity” calculation 1s performed on the quality
values to provide a central frequency and a central time for
cach flag sequence, the results of the center-of-gravity
calculation being utilized during demodulation of the data
signal.

4. A method according to claim 1, wherein the data signal
is formed by modulating a carrier by FSK (frequency shift
keying).

5. A method according to claim 1, wherein the frequency
of the transmitted data signal 1s varied between successive
fransmissions.

6. A method of transmitting and receiving data, the
method comprising the steps of:

fransmitting a narrow band data signal at an unknown
frequency within a known range of frequencies;

receiving the data signal within the known range of
frequencies;

dividing at a receiver the range of frequencies 1nto plural
frequency bands each of width less than the uncertainty
in the transmission frequency of the data signal;

detecting the presence of said data signal 1n at least one of
said frequency bands; and,
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demodulating the detected data signal, wherein the data
signal 1s transmitted as two sub-channels, the detection
and demodulation steps being carried out on each
sub-channel, the respective demodulated data signals
being weilghted and summed according to the quality of
the signals determined in the detection step.

7. A method according to claim 6, wherein the received
signal includes plural narrow band data signals each occu-
pying a distinct portion of the channel, the receiver receiving
said narrow band data signals substantially concurrently.

8. Amethod according to claim 6, wherein plural demodu-
lation steps are carried out following each detection step.

9. Amethod according to claim 6, wherein the data signal
comprises a data packet following a flag sequence of bits and
the detection step detects the existence of the flag sequence.

10. A method according to claim 9, wherein individual
narrow frequency bands are compared with a wanted flag
signal at regular intervals.

11. A method according to claim 9, wherein the data
packet 1s transmitted between leading and trailing {flag
sequences, and the detection step requires the detection of
both flag sequences.

12. A method according to claim 11, wherein it 1s required
that both the leading and trailing flag sequences are detected
to verily the presence of a data packet.

13. A method according to claim 9, wherein the data
signal has plural data packets separated from each other by
flag sequences.

14. A method according to claim 9, wherein the step of
detecting the presence of data signals in nindividual narrow
frequency bands comprises the step of detecting the pres-
ence of a flag sequence 1n plural narrow frequency bands,
the amplitude of the flag sequence bits 1n each band being
compared with a normalised value to determine a quality
value of the flag sequence bits in each band, the quality
values being plotted against frequency and time.

15. A method according to claim 14, wherein a “centre-
of-gravity” calculation 1s performed on the quality values to
provide a central frequency and a central time for each flag
sequence, the results of the centre-of-gravity calculation
being utilised during demodulation of the data signal.

16. Apparatus for transmitting and recerving and demodu-
lating transmissions, the apparatus comprising:

a transmitter for transmitting a narrow band data signal at
an unknown frequency within a known range of fre-
quencies; and,

a recerver for receiving the data signal within the known
range of frequencies, the receiver having means for
dividing the range of frequencies mnto plural frequency
bands each of width less than the uncertainty in the
transmission frequency of the data signal; means for
detecting the presences of said data signal 1n at least
one of said frequency bands; and means for demodu-
lating the detected data signal, wherein the receiver has
detection and demodulation means for detecting and
demodulating data signals transmitted in two sub-
channels, and further comprising adding means for
welghting and summing the respective demodulated
data signals according to the quality of the signals
determined 1n the detection steps.

17. Apparatus according to claim 16, wherein the means
for detecting the presences of a data signal 1n plural narrow
frequency bands includes means for comparing the ampli-
tude of the data signal in each band with a normalized value
to determine a quality value of the data signal 1n each band.

18. A vehicle tracking apparatus having apparatus accord-
ing to claim 16.

19. In a vehicle tracking apparatus, a method of trans-
mitting and receiving data according to claim 1.

20. A method of receiving data transmitted as a narrow
band data signal at an unknown frequency within a known
range ol frequencies, the method comprising the steps of:
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receiving the data signal within the known range of
frequencies;

dividing at a receiver the range of frequencies 1nto plural
frequency bands each of width less that the uncertainty
in the transmission frequency of the data signal;

detecting the presence of said data signal 1n at least one of
said frequency bands; and,

demodulating the detected data signal, wherein the trans-
mitted data signal includes a transmitted flag sequence
and a “center-of-gravity” calculation 1s performed on
the quality values to provide a central frequency and a
central time for each flag sequence, the results of the
center-of-gravity calculation being utilized during
demodulation of the data signal.
21. A method of receiving data transmitted as a narrow
band data signal at an unknown frequency within a known
range ol frequencies, the method comprising the steps of:

receiving the data signal within the known range of
frequencies;

dividing at a receiver the range of frequencies 1nto plural
frequency bands each of width less that the uncertainty
in the transmission frequency of the data signal;

detecting the presence of said data signal 1n at least one of
said frequency bands; and,

demodulating the detected data signal, wherein the data
signal 1s transmitted as two sub-channels, the detection
and demodulation steps being carried out on each
sub-channel, the respective demodulated data signals
being weighted and summed according to the quality of
the signals determined 1n the detection step.

22. Amethod according to claim 21, wherein the received
signal includes plural narrow band data signals each occu-
pying a distinct portion of the channel, the receiver receiving,
said narrow band data signals substantially concurrently.

23. A method according to claim 22, wherein plural
demodulation steps are carried out following each detection
step.

24. A method according to claim 23, wherein the data
signal comprises a data packet following a flag sequence of
bits and the detection step detects the existence of the flag
sequence.

25. A method according to claim 24, wherein individual
narrow frequency bands are compared with a wanted flag
signal at regular intervals.

26. A method according to claim 24, wherein the data
packet 1s transmitted between leading and ftrailing flag
sequences, and the detection step requires the detection of
both flag sequences.

27. Amethod according to claim 26, wherein it 1s required
that both the leading and trailing flag sequences are detected
to verily the presence of a data packet.

28. A method according to claim 27, wherein the data
signal has plural data packets separated from each other by
flag sequences.

29. A method according to claim 27, wherein the step of
detecting the presence of data signals 1n individual narrow
frequency bands comprises the step of detecting the pres-
ence of a flag sequence 1n plural narrow frequency bands,
the amplitude of the flag sequence bits 1n each band being
compared with a normalized value to determine a quality
value of the flag sequence bits in each band, the quality
values being plotted against frequency and time.

30. A method according to claim 29, wherein a “centre-
of-gravity” calculation 1s performed on the quality values to
provide a central frequency and a central time for each flag
sequence, the result of the centre-of-gravity calculation
being utilised during demodulation of the data signal.
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31. A recerver for receiving and demodulating a narrow
band data signal transmitted at an unknown frequency
within a known range of frequencies, the recerver compris-
Ing:

means for dividing the range of frequencies into plural

frequency bands each of width less than the uncertainty
in the transmission frequency of the data signal;

means for detecting the presence of said data signal 1n at
least one of said frequency bands; and,

means for demodulating the detected data signal.

32. A recerver for receiving and demodulating a narrow
band data signal transmitted at an unknown {requency
within a known range of frequencies, the receiver compris-
ng:

means for dividing the range of frequencies into plural

frequency bands each of width less than the uncertainty
in the transmission frequency of the data signal;

means for detecting the presence of said data signal 1n at
least one of said frequency bands; and,

means for demodulating the detected data signal, and
comprising detection and demodulation means for
detecting and demodulating data signals transmitted 1n
two sub-channels, and further comprising adding
means for weighting and summing the respective
demodulated data signals according to the quality of the
signals determined 1n the detection steps.

33. Amethod according to claim 1, wherein the frequency
of each narrow band filter 1n the demodulation step 1is
determined 1n the detection step.

34. Apparatus according to claim 16, wheremn the said
receiver includes an analogue to digital converter (ADC),
and said dividing means comprises a Fast Fourier Transform
(FFT).

35. Apparatus according to claim 16, wherein the
demodulation means comprises a filter arranged to pass only
a central frequency determined by said detecting means.

36. Apparatus according to claim 16, wheremn said
division, said detection, and said demodulation means are
provided by a digital signal processor.

37. Amethod according to claim 20, wherein the demodu-
lating step includes the step of centering at least one narrow
band filter on the detected data signal frequency bands.

38. A method according to claim 20, wherein the step of
detecting the presence of data signals 1n at least one of the
frequency bands comprises the step of detecting the pres-
ence of a data signal 1n plural narrow frequency bands, the
amplitude of the data signal in each band bemng compared
with a normalized value to determine a quality value of the
data signal 1in each band.

39. A receiver according to claim 32, comprising an
analogue to digital converter (ADC), and said dividing
means comprises a Fast Fourier Transform (FFT).

40. A receiwver according to claim 32, wherein the
demodulation means comprises a filter arranged to pass only
a central frequency determined by said detecting means.

41. A recewver according to claim 32, wherein said
division, said detection, and said demodulation means are
provided by a digital signal processor.

42. A method according to claim 37, wherein the fre-
quency of the narrow band filter 1n the demodulating step 1s
determined 1n the detecting step.

43. A method according to claim 37, wherein detection
time of the data signal in the narrow band frequency is
determined 1n the detecting step and used 1n demodulating
step.
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